INTRODUCTION
The ice cream and frozen novelty products market are in a state of continuous expansion, as demonstrated by the enormous variety of new products launched every year. Recently, consumers have directed their interest towards low fat and low sugar frozen desserts as they associate them with a reduced risk of obesity, coronary heart diseases and diabetes. However, consumers are reluctant to accept products with textural properties and flavor different from traditional ones. As a result, producing a high quality low fat frozen dessert is a challenge for the food industry (El-Nagar et al, 2002) .
In essence, ice cream and frozen dairy product may be regarded as foams consisting of air cells surrounded by a partially frozen emulsion (Hui, 1992) . Factors affecting this foam quality, and improve ice cream texture and structure, include total solid composition (Hyde and Rothwell, 1973) and (Chantal et al., 1996) milk fat composition (Chantal et al., 1996 and Arbuckle, 1996) and the size and state of ice crystal/fat particles dispersion (Doan and Kroger, 1965) . Reduction of fat content in frozen dairy product formulations, affect its quality attributes such as viscosity, ice crystallization, creaminess, hardness, melting and flavor (King, 1994 and Hatchwell, 1994) . Szczesniak (1987) emphasized the significance of texture on consumer acceptance, especially when the expectations are not met by product quality. Fat content modification results in flavor and textural variations, which are important factors for consumer perception and market success.
Much of the previous research on ice cream quality had focused on physical and sensory characteristics of frozen desserts as influenced by the fat levels (Li, 1997 and Prindiville, 2000) , emphasizing that fat-protein interactions ultimately control ice cream structure (Goff, 2000) . Recent studies have focused on ice cream fat replacers such as Dairy Lo, Simplesse, Prolo 11 (Ohmes et al., 1998; Roland et al., 1999; Adapa et al, 2000; and Prindiville, 2000) and commercial modified starch such as Oatrim and Z-trim (Owusu-apenten, 2005) . There have analysed the meltdown characteristics of ice cream in relation of fat composition and non fat milk solids (Chantal et al., 1996) and demonstrated that the addition of protein-based and carbohydrate-based fat replacers may improve viscosity (Adapa et al., 2000) . Additionally, products with fat replacers appear to melt faster, thus reducing consumer perception of creaminess (Roland et al., 1999) . Relatively little research has focused on Otrim and Z-trim as fat replacers in frozen desserts. In addition, There are no publication has assessed Oat flour as a functional ingredient in ice cream. The water soluble products of Oat flour are used to replace fat and as a texturizing ingredient and an insoluble fiber from Oat give mouth feel similar to fat in terms of its moistness (Owusu-apenten, 2005) . Oat containing a valuable source of dietary fiber such as β-glucan is a polysaccharide of D-glucose monomers linked by β-glycosidic bond. β-glucan are a diverse group of molecules which can vary with respect to molecular mass, solubility, viscosity and threedimensional configuration, has a greater biological activity e.g. reduction of plasma cholesterol and postprandial glycaemic response, which decrease the risk of cancer, heart disease, hypertension and obesity in the long term (Heinrich et al., 2004) .
Regarding to nutritional quality and functionality of Oat fiber as an added value in dairy products, the present study was designed to evaluate the utilization of Oat flour as skim milk powder replacer in the preparing of low fat ice cream. Therefore, the study aimed to improve the nutritional value and to compensate the low fat content to produce a functional and biological frozen dairy product with acceptable physical, rheological and organoleptic properties.
MATERIALS AND METHODS

Treatments: Formulations
Ice cream mixes were prepared with 0.5 and 4.0 % fat, which corresponded to the standard for low fat ice cream, respectively. At each fat level, Oat flour as a partial replacement of milk solid not fat in ice cream. Formulas were investigated by replacing, control, 20, 40, 60, and 80 % of added skim milk powder (SMP), respectively comparing without adding oat fiber. No additional stabilizers were added to the Oat flour mixes, for the role of the Oat flour as stabilizer (containing 59 -70 % starch and sugar), the control mixes contained gelatin as stabilizer. The mixes (4%fat) contained from whole milk (3.0 % fat), cream (50 % fat), SMP, Oat flour, sugar (sucrose), emulsifier (egg yellow) and vanilla. The mixes (0.5%fat) contained the same formula without cream. The chemical composition of low fat mixes shown in Table (1) .
Ice cream processing
For each fat level, a base mix was prepared. Whole milk and cream (4.0 % fat mixes) and whole milk and skim milk (0.5 % fat mixes) were added to a process tank and heated to approximately 40 °C. Dry ingredients (sucrose, SMP, and Oat flour) were added to the liquid ingredients and mixed until completely dissolved. The mixes heated at 75 °C for 15 min and cooled down at room temperature followed by the addition of Vanilla in an adequate amount to introduce the appropriate Vanilla flavor. Mixtures were kept cold at 4 °C for 24 hr. Whipping and freezing were carried out in batch freezer (Metal Warenfabrik Ansboch, Germany). Low fat ice cream samples were filled in polystyrene round cups of 100 ml capacity and hardened in a freezer at -20 °C.
Methods of analysis:
Physical analysis pH: pH was measured in mix after aging using Fisher Scientific pH meter (USA). Viscosity: Viscosity was measured in the mix at 20 °C after aging using Hoppler viscometer, Germany. The apparent viscosity was calculated according to the manual supplied with the Hoppler viscometer. Melting rate: Melting rate was determined as described by Olson et al. (2003) as follows: samples in the cups were obtained from the hardening room, then the material of cups was removed by cutter and the obtained ice cream block was placed on a 2.33/ cm 2 mesh which placed on a funnel stand on a beaker. The mesh, funnel and beaker were weighted before and after placing the ice cream block. The samples were left to melt for 15 min at ambient temperature (20 ± 2 °C). The unmelted portion was then removed and discarded and mesh, funnel and beaker which containing the melted portion were reweighted. Meltdown was calculated by dividing the weight of the melted portion by the weight of ice cream block and expressed as percentage. Overrun: Overrun was calculated on a weight basis using formula described by Arbuckle (1986) . Rheological properties Hardness: Ice cream samples were analysed for hardness using TA-XT 2 texture analyser (TA 1000, CNS-Farnell England), which measured the force in grams required to penetrate the sample. The 100 ml cups of ice cream were tempered at -18 °C for 24 hr before measurement. A 45 ° angle cone was used with a depth of penetration of 10 mm into the surface of the ice cream. All measurements were done in a 4 °C walk -in refrigerated room. The entire test equipment and cone were tempered at the test temperature prior to use. Bodyfelt et al. (1988) as follows: Flavor 10 points, Body/Texture 5 points, Color/Appearance 5 points and Melting quality 5 points.
Statistical analysis
Statistical analysis was carried out using analysis of variance (ANOVA) and multiple comparisons (SAS, 2004 software, version 8.2, SAS institute, Inc.) to find relationships between the studied parameters. A probability to p < 0.05 and p < 0.01 were used to express statistical significances.
RESULTS AND DISCUSSION Physical properties
The physical properties of low fat ice cream mix made by replacement of skim milk powder with Oat flour is shown in Table ( 2). Mean square and significant different are shown in Table ( 3, 4) . The results shown that there was significantly decreased in the pH values with increasing the Oat flour replacement, however there was non significant different between 40 and 60% replacement (LSD 0.76) . pH values showed non significant effect among the different fat levels (LSD 0.47). There was a significant difference in the pH values between the Oat flour treatments (p <0.01). The results revealed that the viscosity was significantly increased between fat levels (p < 0.01). Also viscosity showed a significantly increased with increasing of both fat content (LSD 0.70) and the Oat flour replacement (LSD 1.11). As indicated from the data given in Table  ( 3), the proportion skim milk powder replacement with Oat flour was associated with significant gradual increase in the viscosity of the resultant low fat ice cream mixes. This phenomenon was clearly related on the overrun (%) of the product, it was significantly different between of Oat flour treatments (p < 0.01) and among different fat levels (p < 0.01) Table ( 3).
The overrun (%) was significantly decreased (LSD0.035) with increasing Oat flour replacement Table  ( 3), Azza et al (2009) , reported that the proportional skim milk powder( SMP) replacement with barley whole meal(BWM) was associated with significant gradual increase in the specific gravity of the resultant ice cream milk. This phenomenon was clearly reflected on the overrun% of the product, where, it was significantly decrease by the partial substitution of SMP with BWM. Also increased viscosity in the samples containing Oat flour can be explained by the interactions of the dietary fiber and liquid components of low fat ice cream mixes. Oat flour showed bind water and form a gel -like network that in addition to the other components, would modify the rheology of the mix. The increments in viscosity appear to be related to melting rate Table (4) . The results revealed also that the melting rate showed a significantly different between fat levels (p<0.01) and Oat flour treatment (p < 0.01). Regarding the melting resistance of low fat ice cream, the presence Oat flour led to a delay for the product to melt especially, at high concentration. The melting rate tended to significantly decreased gradually as the level of oat flour added was increased (LSD 0.21). This is consistent previous knowledge indicating that stabilizers enhance the formation of a cohesive network (Anderson and Nielsen,1998), and can contribute to the formation of a gel matrix which in turn results in a more stable products (Robinson,1997) and Fiszman and Salvador (1998) . Present results indicated that increased additions of Oat flour to mixes significantly decreased melting rates of the frozen product, probably due to the formation of this stable gel network. The means for the significant physical attributes on Oat flour replacement x Fat levels are summarized in Table (4) . A significant Oat flour replacement x Fat levels interaction was obtained for pH (p < 0.05), viscosity (p < 0.01), overrun (p < 0.01) and melting rate (p < 0.01). The results for viscosity and melting characteristics shows that Oat flour may act as a stabilizer due to its capacity for binding water molecules become immobilized and unable to move freely among other molecules of the mix.
Rheological properties
The texture of frozen dairy products is related to ability of the protein-fat matrix to form a cohesive network to yield a uniform fat-liquid emulsion. Both milk fat and milk solids composition play an important role in its stability and structure.
The results in Table ( 5) illustrated that the addition of Oat flour (containing soluble dietary fiber) alters the texture of low fat ice cream. Mean square and significant effects are shown in Table ( 6, 7). The Oat flour treatments had a significant effect (p < 0.01) on all the texture-related attributes: hardness, consistency, adhesiveness, gumminess, and chewiness. Not significant decreased in hardness at 20 % replacement of Oat flour, while it was significantly increased with increasing the replacement of Oat flour from 40% up to 80% LSD (0.62). Also both of consistency, adhesiveness and gumminess showed a significantly increased with increasing the Oat flour replacement LSD (0.818, 0.81 and, 1.005 respectively). However, the chewiness significantly increased only at 60 and 80 % replacement LSD (0.008) Table (6).
Hardness of 4% fat ice cream was observed to be considerably lower than the 0.5 % fat control. The fat levels had a not significant effect on the hardness, consistency and chewiness, while adhesiveness and gumminess significantly affected (p < 0.01) ( Table 7) . These observations are consistent with those of Guinard et al. (1997) , who demonstrated that ice cream hardness, as measured instrumentally, was inversely related to fat and sugar contents. As mentioned before, the melting rate is reduced in relation to increasing Oat flour replacement. The mean for the significant rheological attributes on Oat flour replacement x Fat levels illustrated in Table (7) . Means followed by the same letters are not significant, but different letters are significant according to LSD method. The results in Table ( 5) illustrated that the addition of Oat flour (containing soluble dietary fiber) alters the texture of low fat ice cream. Mean square and significant effects are shown in Table ( 6, 7). The Oat flour treatments had a significant effect (p < 0.01) on all the texture -related attributes: hardness, consistency, adhesiveness, gumminess, and chewiness. Not significant decreased in hardness at 20 % replacement of Oat flour, while it was significantly increased with increasing the replacement of Oat flour from 40% up to 80% LSD (0.62). Also both of consistency, adhesiveness and gumminess showed a significantly increased with increasing the Oat flour replacement LSD (0.818, 0.81 and, 1.005 respectively). However, the chewiness significantly increased only at 60 and 80 % replacement LSD (0.008) Table (6).
Hardness of 4% fat ice cream was observed to be considerably lower than the 0.5 % fat control. The fat levels had a not significant effect on the hardness, consistency and chewiness, while adhesiveness and gumminess significantly affected (p < 0.01) ( Table 7) . These observations are consistent with those of Guinard et al. (1997) , who demonstrated that ice cream hardness, as measured instrumentally, was inversely related to fat and sugar contents. As mentioned before, the melting rate is reduced in relation to increasing Oat flour replacement. The mean for the significant rheological attributes on Oat flour replacement x Fat levels illustrated in Table (7). A significant Oat flour replacement x Fat levels interaction was obtained for hardness (p<0.05), consistency (p<0.05), adhesiveness (p<0.01), and gumminess (p< 0.01), but not significant for chewiness. Cody et al. (2006) indicated that the texturizing ingredient increased hardness to a greater extent in the absence of fat. Indirectly, this effect may be due to the gelling properties of Oat improving the consistency of the mix Table (7) together with the increased water binding, resulting in decreased rates of ice crystallization. Similarly, the increased adhesiveness and gumminess observed within Oat flour enriched samples can be related to the formation of a viscous gel matrix.
Sensory properties
Sensory evaluation of low fat ice cream manufactured by replacing skim milk powder with oat flour fiber is illustrated in Table (8) .Mean square and significant effect of sensory evolution shown in Table (9  and 10 ). The results in Table (9) showed mean and significant different for comparing Oat flour replacement with control. Scoring results of flavor and body showed an improvement with increasing replacement of Oat flavor (scoring points were higher significantly than the control), LSD were 0.8051 and 0.8388, respectively. While the effect on color and melting rate was not significant at 20 % and between 60 and 80 % Oat flour replacement. Table ( 10) indicated that there was a significant effect between the fat levels on flavor (p < 0.01), body (p < 0.01), color (p < 0.01) and melting down (p < 0.05). Also, Oat flour treatment had a significant effect on all sensory attributes (p < 0.01). Interaction between Oat flour treatment x Fat levels showed in Table ( 10), a significant effect on flour, body (p < 0.01), color and melting down (p < 0.05). Clearly, the addition of Oat flour to the low fat ice cream improved the sensory characteristics of the samples may be associated with decrease meltability. Although samples containing Oat flour were significantly different from low fat ice cream and similar to the high -fat product, also changes in Oat flour replacement appeared to affect the texture characteristics. From the obtained results, it can be stated that the samples; where the replacement was applied, had higher score than the corresponding control. Ice cream blends of 40 and 60 % replacement ratio gained the highest total score in both low fat ice cream mixes. CONCLUSION Oat flour was successfully used in low fat ice cream production; its addition has significant effects on physical, rheological and sensory characteristics. Optimum level applications, 40 and 60 % replacement seems to produce acceptable products considering those attributes influencing consumer acceptability of reduced-fat frozen dairy products. In addition, nutritional benefits associated with soluble dietary fiber fortification bring attractive novel products. 
